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 The establishment of the latest IoT systems available today such as smart 
cities, smart buildings, and smart homes and wireless sensor networks 
(WSNs) are let the main design restriction on the inadequate supply of 
battery power. Hence proposing a solar-based photovoltaic (PV) system 
which is designed DC-DC buck-boost converter with an improved modular 
maximum power point tracking (MPPT) algorithm. The output voltage 
depends on the inductor, capacitor values, metal oxide semiconductor field 
effect transistor (MOSFET) switching frequency, and duty cycle. This paper 
focuses on the design and simulation of min ripple current/voltage and 
improved efficiency at PV array output, to store DC power. The stored DC 
power will be used for smart IoT systems. From the simulation results, the 
current ripples are observed to be minimized from 0.062 A to 0.02 A 
maintaining the duty cycle at 61.09 for switching frequencies ranges from 
300 kHz to 10 MHz at the input voltage 48 V and the output voltage in buck 
mode 24 V, boost mode 100 V by maintaining constant 99.7 efficiencies. The 
improvised approach is compared to various existed techniques. It is noticed 
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Nowadays, energy consumption continues to increase. The world is therefore moving to the field of 
renewable energy sources as pollution-free, free of charge, and easy to access in remote areas. The green 
renewable energy sector is data-intensive and project-based, with a broad variety of targets and insights. For 
decades, utility producers, commercial and industrial customers have been working to optimize production 
and solar energy storage systems, while also helping to control costs [1]-[5]. Today the new system of things, 
such as the main design smart cities, smart buildings, and smart home and wireless sensor networks (WSN), 
is fed with battery power. Researchers concentrate primarily on solar PV systems to generate power as it is 
more stable and easier to load. The output voltage of the photovoltaic system is variable due to uncertainty in 
the radiances. However, to ensure a constant or controlled production voltage, DC-DC electronic power 
converters are used [6]-[11]. DC-DC converter based on green energy is becoming an increasingly attractive 
solution for these applications. A DC-DC converter technique was invented in the 1920 s. It has been in the 
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study for the past six decades and plays a predominant role in power engineering and driving. This is 
commonly used in many industrial applications, in computer hardware circuits, and the production of 
renewable energy. Power-based DC-DC converters are used to overcome the use of traditional single voltage 
divider circuits. Thus, the proposed DC-DC buck-boost constructed to have an improved modular MPPT 
algorithm based solar photovoltaic systems. This paper mainly focuses on performance analysis of minimum 
ripple current which the maximum efficiency of the converter. So that it leads to maximum power storage to 
the batteries in turn utilized for embedded & IoT systems [12]-[30]. 
This article has been divided into various sections. Section 2 tells the literature review. Section 3 
discusses PV system implementation for Embedded and IoT systems. Section 4 deals with the motivations 
towards quantum efficiency. Section 5 discusses the improvised DC-DC buck-boost converter model. Section 
6 presents the flow chart design approach and simulation of improved modular MPPT algorithm section 7 
described results and discussions of improvised MPPT for Embedded IoT systems. The paper is ended with a 
conclusion and future scope in section 8. 
 
 
2. LITERATURE REVIEW 
A high frequency zero-voltage-switching (ZVS) synchronous non-inverting buck-boost converter in 
[1] for tens-of-Watt applications achieve ZVS under different load currents without raising voltage stress 
through power field effect transistor (FETs) by using two pairs of small-sized auxiliary inductors and 
condensers. DC-DC boost converter, [2] a conventional proportional integral (PI) controller, the modified 
incremental conductance MPPT technique is found that the modified Inc Cond MPPT tracks 7.4% more 
power than the traditional PI controller. A single-diode-model circuit [3] with the five parameters for a given 
environmental condition reflects the output of a photovoltaic (PV) module. The main goal here [4] is to 
achieve a circuit-based simulation model of a photovoltaic (PV) cell to estimate the functional cell’s 
electrical behavior concerning changes in environmental parameters such as irradiation and temperature. To 
explore the variations between NIBB and traditional buck-boost converters [5] performed a detailed 
evaluation and study of these two converters in terms of their operating concepts, which here involves a 
multi-mode control mechanism and dual-edge modulation, and also studied the characteristics of switches 
and passive components in both converters.  
A new dead zone compensation strategy to smooth the transition between operating modes is 
introduced in this article [6], reducing the voltage ripple, and increasing regulatory compliance while keeping 
high output. This paper [7], Weng et al. introduces a new modified two-switch buck-boost (TSBB) converter 
topology. While the converter has less conductive and semi-conductor switches than a traditional TSBB. 
After evaluating the shortcomings of current IQE measurement techniques, we present the recently an 
approach based on the improved AB mode in [8], called the reference-point room-temperature (RTRM) 
approach to demonstrate how the internal quantum efficiency (IQE) testing methods can be used to 
quantitatively evaluate their optoelectronic outputs. In certain power conversion applications, DC-DC 
converters with voltage boost capacity are commonly used, from fraction-of-volt to tens of thousands of volts 
at power rates ranging from milli watts to megawatt. The literature has reported on [9] various voltage 
boosting strategies in which simple energy storage elements (inductors and condensers) and/or transformers 
are used in the circuit in combination with switch (s) and diode (s). This paper proposes a [10], [11] non-
inverting buck-boost (NIBB) continuous-conduction mode (CCM) converter with a quick duty cycle 
calculation (FDCC) control and duty cycle locking technique. Nowadays the research is going in wide 




3. PV SYSTEM IMPLEMENTATION FOR EMBEDDED AND IOT SYSTEM 
Recent innovations focused on emerging technologies and upcoming startups working on energy 
harvest industry solutions. Many startups are working on a wide variety of solutions, looking at promising 
energy harvesting solutions for embedded systems & IoT systems. Studying after many methods 4 important 
techniques were found. Those are: i) Mechanical energy harvesting, ii) Thermal energy harvesting, iii) Light 
energy harvesting, iv) Switches and sensors-electromagnetic energy harvesting. This paper concentrated on a 
green energy technique which is light energy harvesting. To obtain the maximum light energy, used the solar 
panel, and arranged it as shown in Figure 1. The working DC voltage can be sustained at the required loads. 
DC source activity is measured and shared among microcontroller (MCU) and sensors. The Buck-boost 
operations will be kept by the voltage regulator. The ultrasonic sensor (HC-SR04), air humidity sensor 
(DHT11), soil moisture sensors connected as displayed in Figure 1. The estimated power budget of the 
designed ultra-low power management circuit with a modular MPPT controller to extract maximum available 
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power from the solar panel is tabulated in Table 1. The product A, B, C, and D listed are rating with different 
powers that are seen with the respective efficiency in the simulation. A detailed description of 





Figure 1. Energy harvest approach to IoT system 
 
 
Table 1. Load evaluation calculator 
Device Name Estimated Power in mW Efficiency 
Product A 10 99.97 
Product B 15 99.95 
Product C 20 99.94 
Product D 25 99.91 
Note: Under Power loss 0.49 uW, f=300 KHz to10 MHz 
 
 
4. MOTIVATION TOWARDS QUANTUM EFFICIENCY 
The aim of working on a component level analysis for the improvised modular MPPT algorithm is, a 
single-diode PV cell found the relationship between the quantum efficiency and diode current [3]. It 
improvises the MPPT point and efficiency of the PV system. The term quantum efficiency (QE) is derived by 
an incident photon to converted electron (IPCE) of a photosensitive device. 
The quantum efficiency of solar cellsis often considered into 2 types. External quantum efficiency 
(EQE) is defined as the no.of carriers collected by the solar cell to the no.of photons shining on the solar cell. 
The ratio of no.of charge carriers collected by the solar cell to no.of photons that are absorbed on the solar 
cell is called internal quantum efficiency (IQE). The IQE is always larger than the EQE. In this aspect, [5] 
considered IQE for improvisations. If all photons of a given wavelength are absorbed and the resulting 
minority carriers are captured, then unity is the quantum efficiency at that wavelength. The quantum 
efficiency for energy-saving photons below the bandgap is zero. Quantum efficiency is decreased for most 
solar cells because of recombination. A mathematical equationused is shown in [2]. In the ideal case scenario 
quantum efficiency is a function of wavelength, and electron can be written as (1), 
 
 ,e   (1) 
 
where ɳ is a function of wavelength (λ) and charge of an electron (e). 








  (2) 
 
Under conditions where significant recombination of carriers in the diode transfer zone V-I 
characteristic can be observed. Where Io extremely important parameter as larger recombination leads to 
larger Io.I0 ∞ related combination of reverse saturation current. 
 
0[exp( / 2 ] [exp( / 2 ] 1V RI I I qv kT I qv kT     (3) 
 
To find open circuit voltage Voc, I become zero, 
 
00 [exp( / 2 ] [exp( / 2 ] 1V RI I qv kT I qv kT     (4) 
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 in (4) becomes (5), 
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Relating to I0, apply modulus on both sides the simplified given below, 
 
0I   
 
From the above, it’s been proved that the dark saturation current of the solar PV cell directly 
proportional to quantum efficiency. It’s observed that I0 improves then there is more possibility of reaching 
the MPPT point for the given radiance which is useful to store the DC power. The detailed improvisations are 
discussed in the following sessions. 
 
 
5. IMPROVISED PV SYSTEM DC-DC BUCK BOOST CONVERTER MODEL 
The general configuration of the Buck-Boost converter is shown in Figure 2. The DC-DC boost 
converter [1] is a power electronicsdevice is also called as a step-up converter. Step down conversion also 
can be designed if it is considered as DC-DC Buck-Boost converter. 
 Step-down converter 
 Step-up converter 






Figure 2. Configuration: (a) Buck-Boost converter in mode 1, (b) Buck-Boost converter in mode 2 
 
 
During mode 1 Figure 2(a), the switch S1 is turned on and the diode D is reversed biased. In mode 1 
the input current, which rises, flows through inductor L and switch S1. In mode 2 Figure 2(b), the switch S1 
is off and the current, which was flowing through the inductor, would flow through L, C, D, and load. In this 
mode, the energy stored in the inductor (L) is transferred to the load and the inductor current (IL) falls until 
the switch S1 is turned on again in the next cycle. The simplified schematic [2] of a DC-DC inverting buck-
boost converter is shown in Figure 2. Most converter designs assume that a closed power switch has zero 
volts across it. 
In general, this is a valid assumption that reduces design complexity. The circuit includes MOSFET, 
Diode, R, L, C components, and Control circuit. The fact that the power conversions have a finite resistance 
means that there will be a non-zero voltage over it during its on/off time operation thus MOSFET can be 
placed to fetch this operation. A MOSFET with fast switching speed [6] should be selected. Efficiency goes 
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up when the switching speed increases. The diode is selected with the smallest reverse leak current () for 
light load and higher efficiency. The resistance is selected as 100 Ohm because it gives the perfect DC-DC 
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ESR represents [7] the equivalent series resistance of the input capacitor and it is recommended and 
selected of the order of value 100 Ohm. The output capacitance is required to supply the energy to the load 
when energy is increasing in the inductor, 
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In the design of the Inverting Buck-boost converter Maximum duty cycle D gives at minimum input 
























Controls circuit setup and simulation are shown in Figures 3 and 4. The output of the circuit is pulse 
which is given to the MOSFET gate and the input voltage is set to 48 V.A reference voltage is given 
according to Buck/Boost operations here it is designed for buck mode 24 V boost mode 100 V. Time sweep 
is taken for 4 seconds. Input voltage 48 V dc, output voltage Vo 24/100 V dc, inductor L=10 e-6 H, capacitor 
C0=40 e-3F, resistance Rl=100 Ohm, Switching Frequency fsw =10 KHz. Ripple current is calculated as (15), 
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It is been seen by relating that the (4) noted that switching frequency in (18) values observed from 
300 kHz to 10 MHz results in a ripple current 0.02 mA shown in Table 2. Switching frequency is inversely 
proportional to the signal error which is shown in Table 2. The switching frequency started from 300 kHz for 
L=33.32 uH and saw a ripple current of 0.62 mA. Repeated the same observations till 10 MHz for L=1 uH 
where ripple current is 0.02 mA. It is gradually minimized to 0.02 for the given input specifications. It is seen 
that minimum the Inductor and capacitance value changes lead the less in rising time to reach Buck-Boost 
designed values. The load resistance is constantly considered as 100 Ohm. Output DC voltage drives the 







Figure 3. The simulation output from the BUCK 
converter 
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Table 2. Load evaluation calculation 
Switching Frequency (in kHz) Inductance (in uH) Ripple Current (in mA) 
300 33.22 0.62 
1000 9.9 0.19 
2000 4.98 0.09 
3000 3.32 0.06 
4000 2.49 0.05 
5000 1.99 0.04 
6000 1.66 0.03 
7000 1.42 0.03 
8000 1.25 0.02 
9000 1.11 0.02 
10000 1.00 0.02 
 
 
6. FLOW CHART DESIGN APPROACH AND SIMULATION OF IMPROVISED MODULAR 
MPPT ALGORITHM 
The improvised PV system SIMULINK model and modular MPPT algorithm function shown in 
Figure 5 respectively. The irradiation and temperature [8] are fed to the solar panel. The virtual private 
network (Vpv) and invirtual private network (Ipv) monitored in Buck and Boost conventions. The component 
values of the modular MPPT algorithm programmed in a SIMULINK model is being as. PV module 
parameters like Vmpp, Impp, Voc, Iscof PM648 are 18.2 V, 2.2 A, 21.6 V, and 2.8 A respectively (at STC). 
In this PV system, five series-connected PV modules and 36 cells have existed. The switching frequency, 





Figure 5. Structure of the improvised PV system with modular MPPT algorithm 
 
 
Duty signal to determine the duty ratio of pulse-width modulation (PWM). Because to control of the 
power it depends on MPPT by its input irradiation. The modular MPPT algorithm is shown in Figure 6. Finds 
a global peak point by [9] seeking dP/dV=0 derivative. If power is not changing and voltage is not changing, 
then the derivative will be zero and the point will be maximum. Efficiency can be calculated by using this 
power. Because divide by zero might give a problem. Overall system efficiency is measured 95. 
The modular MPPT control algorithm is being as. Notations are represented in Figure 6. In the, 
duty-old=A, duty-min=B, duty-max=C, Duty=D. Initially duty cycle minimum and maximum values are 
taken as B=0, C=0.85. The selection of variable is taken which store the data and is named as persistent. It 
advisable [10] and easy to keep track of old data and new data by its difference. The algorithm will start with 
its B value. Calculating the difference, power and so on it repeats till it reaches its boost mode value. Here 
this is simulated for 100 V. Once it reaches its maximum value efficiency calculated through which it finds 
an improved version of the PV system. 
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Figure 6. Flowchart of modular MPPT algorithm 
 
 
7. RESULTS AND DISCUSSION 
The simulation model of Simulink is displayed in Figure 7. When the PV system is fed with 
irradiation and temperature, the Vpv and Ipv Observed. The Ppv for the model is improvised by modular 
MPPT algorithm. It is comparedwith the ideal behavior characteristics. The signal statistics as shown in the 
plot named as Figure 7. It is implemented to bring the maximum efficiency of 9.971e-01 over the time of 4 
seconds. The rising peak reaches its maximum point at time 0.8 sec maintained MPPT to input irradiation. 
The difference value between P-Ideal and P-PV which is very minimum that 0 - 0.015. It resembles the SSE 
error 0.6 in [1] proposal. 
The development of today’s new IoT technologies such as smart cities, smart houses, and smart 
homes and wireless sensor networks (WSNs) makes the key architecture constraint on insufficient battery 
power supply. The Solar-powered renewable energy-based PV system designed for DC-DC buck-boost 
converters with an upgraded modular MPPT algorithm proved the option for the above applications. This 
paper demonstrated the modeling and simulated analysis of min ripples current/voltage and calculated 
improved performance at the output of the PV system, to store DC power. From the simulation results, 
current ripples are found to be reduced from 0.062 A to 0.02 A retaining the service cycle at 61.09 for 
switching frequencies ranging from 300 kHz to 10 MHz at input voltage 48 V and output voltage in buck 
mode 24 V, boost mode 100 V by maintaining the constant performance of 99.7. The onboard power delivery 
circuit uses plenty of minimal shares of the overall resources produced for the embedded system as shown in 
Figure 7. Shortening the improvised PV system designed to withstand minimum power loss of 0.49 W 
operates a minimum DC voltage. By equalizing the power between the input and from the PV panel and 
electric power output.  
To test the effectiveness of the modular MPPT algorithm, a comparison has been made among the 
performances of MPPTs like P&O MPPT [11], adaptive P&O MPPT [12] and auto-tuned MPPT [13], and 
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self-tuned MPPT [1] implemented in the studied PV system. In Table 3, showing the differences between 
P&O, adaptive P&O, auto-tuned P&O, and self-tuned MPPTs. For this, the following parameters are used for 
tracking of parameters such as variations in voltage, monitoring time, steady-state error (SSE), step size 
update rate (SSUR). i.e. with a step-change in irradiance. 
From Table 3, it can be seen that the studied PV system with the improvised Modular MPPT has 
minimum tracking time (0.8 s), SSE (0.015%), voltage fluctuation (0.02 V), and higher MPPT efficiency 
(99.7%) compared to that of the other MPPTs tabulated in Table 3. From Table 3, SSUR is found to be 
variable for improvised modular MPPT which is very much minimum than that of the rest of the algorithms 
(6×10-3). Therefore, it has been reported that the studied PV system with modular MPPT performs better 
than P&O MPPT, adaptive P&O MPPT, auto tuned MPPT, self-tuned MPPT. Even if the P&O algorithm is 





Figure 7. Maximum efficiency plot for P-Ideal P-PV and SSE 
 
 
Table 3. Comparison of tracking parameters of the various MPPTS with improvised modular MPPT 
algorithm when solar radiation varies from 500 W/M2 to 1000 W/M2 










Tracking time 1.6s 1.5s 0.9s 0.6s 0.8s 
SSE (%) 4.02 2.5248 0.03 0.012 0.015 
Voltage fluctuation 8v 5v 1.5v 1v 0.02v 
MPPT Efficiency (%) 96.5 97.8 98.6 99.3 99.7 




The improvised modular MPPT algorithm started from the Single diode concept. Solved the relation 
between dark saturation current and quantum efficiency. This helps to store the largest DC power storage. 
The simulation results are tested in the control loop of the PV system through input PV voltage and a variable 
switching frequency supplies better tracking performance. DC-DC Buck-Boost conversions simulated with 
the smallest ripple current of 0.02 mA. Improvised modular MPPT algorithm results in the smallest SSE error 
which is 0 to <0.015. As a part of future work would like to build an MPPT machine learning algorithm to 
make load evaluations required for embedded and IoT systems. 
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